Materials and Methods
The animals involved in the accidental induction of the disease were 58 calves purchased at 6 months of age in McArthur, in northeastern California, an area in which bacillary hemoglobinuria is enzootic. These calves had been shipped to Davis and maintained as a group in a dry lot. Eight months later a group of 60 calves 6 months of age were brought from King City, in the mid-coastal region of California, an area free of bacillary hemoglobinuria. They were placed in a pen adjacent to the first group. Both groups were maintained on high roughage diets as part of a study on the effects of diet on liver storage of Vitamin A. Liver biopsies were obtained from animals in both groups 4 weeks after the arrival of the calves from King City. The procedure used for biopsy has been describeds.
To isolate the organism, approximately 1 gm of tissue from the liver lesion was ground in a Ten Broeck tissue grinder with 1 ml of physiological saline. Tubes of melted blood agar base with 10% freshly drawn defibrinated bovine blood were inoculated with 0.02, 0 .05, and 0.5 ml of tissue suspension. The contents of each tube were mixed by gentle rotation and poured into Petri plates. After the agar solidified, the plates were incubated at 37°C. in Brewer jars to which had been added hydrogen and 5% COz. Procedures were carried out rapidly so that no more than 15 minutes elapsed between the time of inoculation and attainment of anaerobic conditions. Growth, when present, was evident after 48 hours incubation, and subcultures were made after 72 hours.
Hemolytic, subsurface, lenticular colonies were usually chosen for subculture. A small block of agar containing the entire colony was transferred to and macerated in meat-piece broth. Growth in the broth was usually evident after 2 days of incubation, and good sporulation was evident after 6 days. After growth was established biochemical reactions were determined by inoculation into glucose, fructose, maltose, salicin, iron milk, gelatin, and meat-piece media. Experiment 1. Animals consisted of 3 bull calves 6 months of age, 6 ewes 4 years of age, and 7 New Zealand White Rabbits 2 months of age. Calves and sheep were maintained on good quality alfalfa hay, and rabbits on a commercial laboratory animal diet.
A toxin-free suspension of spores was prepared by washing the supernatant of meat-piece broth cultures 6 times with physiological saline and heating the final suspension to 85°C. for 15 minutes. The suspension contained 3.5 x 106 spores/ml as determined by direct count in a Wintrobe chamber.
Each of 3 calves (No. 1, 2, and 3), 4 ewes (No. 3,4, 5, and 6) and 4 rabbits were inoculated intravenously with the spore suspension using volumes of 15 ml, 10 ml, and 3 ml, respectively. Two rabbits were inoculated orally with 5 ml of the suspension on each of 3 consecutive days. Two ewes (No. 1 and 2) and 1 rabbit served as uninoculated controls. ' Liver biopsies were performed on all calves and ewes 7 days following inoculation using the instrument and technique described by HUGHES5. Biopsies were performed on rabbits 6 days after the initial inoculation. A right paracostal laparotomy was performed. The right central and right lateral lobes of the liver were each biopsied with the same instrument used on calves and sheep.
Following liver biopsy, body temperatures of calves and sheep were measured hourly for 5 days and twice daily thereafter. Blood samples were collected at 3 hour intervals from calves No. 1 and 2, inoculated ewes No. 3 and 4, and control ewe No. 1. Standard procedures were utilized in determining hematologic values, serum glutamic-oxalacetic transaminase levels by the Sigma method, and serum protein electrophoretic patterns with Beclrman instruments. Attempts to isolate the organism from the liver lesions of animals in Experiment 1 were made utilizing the technique described for the original isolation. Experiment 2. Eight calves (No. 11-18) 4 to 6 months of age were maintained on good quality alfalfa hay throughout the cxperiment.
A suspension of toxin free spores was prepared as in Experiment 1. It Repeated efforts to isolate the organism from the liver lesions mere made using blood agar culture as in Experiment 1, and by inoculation of rabbits with suspensions of the liver lesion and subsequent culture of rabbit livers in blood agar. Since only one isolation was made the culture technique was changed. Samples of each lesion (3-5 gm) were ground in Ten Broeck grinders and suspended in 2 tubes of soy trypticase broth which had just previously been heated in boiling water for 5 minutes and then cooled. One tube of each pair was then heated at 65°C. for 30 minutes in a water bath and incubated at 37°C. The other tubes were incubated at 37°C. without prior heating. After 9 days incubation all cultures were heated at 85°C. for 30 minutes to reduce contamination. Subcultures were then made into meat-piece media with dextrose, and after growth was evident other biochemical reactions were examined by subculture to suitable media.
Necropsy examinations were performed on the 6 McArthur yearlings (M.A. yearlings) which died of bacillary hemoglobinuria, on 2 King City calves (K.C. calves) which died of peritoneal hemorrhage following liver biopsy, on all animals in Experiment 1 and on calves which died acutely in Experiment 2. Three months after biopsy, livers were obtained at slaughter from 4 K.C. calves and 4 M.A.
yearlings. Only one of the latter animals was known to have had clinical bacillary hemoglobinuria. The liver of experimental calf 12 which survived Experiment 2 was obtained at slaughter 6 weeks after the second biopsy. Histologic examinations were made of all organs using 10% formalin fixation, paraffin embedding, and hematoxylin and eosin staining.
Results
Clinical Findings in Naturally Infected Animals O n J L~Y 5,1961 liver biopsies were performed on 8 K.C. calves. These calves were normal when slaughtered on the following day. O n Jtily 14 biopsies were 
Days after inoculation.
Ewes were inoculated intravenously with 10 ml and calves with 15 ml of a suspension containing 3.5 x 108 spores/ml. performed on the remaining I<.C. calves and all M.A. yearlings. Two I<.C. calves died within a few hours as a result of massive hemorrhage from portal veins ruptured during the procedure. On the following day, 1 K.C. calf and 1 M.A. yearling were visibly weakened, became reluctant to move, refused to eat, and had arched backs and slight dyspnea. Both animals were treated with antibiotics and blood transfusions. The I<.C. calf appeared normal on the next day. The condition of the 1M.A. yearling worsened. Respirations became panting in nature and mucous membranes became pale. A copious mucus nasal discharge and fluid feces became bloody and the depression deepened, as evidenced by drooping ears and a reluctance to rise. When forced to stand, the steer's back was arched, its gait was stifflegged, and it made grunting noises. This and 3 other M.A. yearlings died during the following night, 36 to 48 hours after the liver biopsy.
Following a gross post mortem diagnosis of bacillary hemoglobinuria all remaining animals were treated with Bicillin@. At that time severe depression, arched backs, and hemoglobinuria were observed in 5 M.A. yearlings. Marked trembling, copious bloody diarrhea, and temperatures of 105°F. were noted in 2 of these animals. These 2 animals died 60 and 72 hours after the liver biopsy. The other sick animals recovered following two treatments with penicillin during the next 2 days. With the exceptions already mentioned, the King City calves remained normal following liver biopsy. @Trademark of Wyeth, Philadelphia, Pa. In addition, calf 1 was recumbent and bloated following the onset of initial signs of depression and trembling 12 hours after biopsy. The bloat was relieved by manipulation with a stomach tube, and the animal was outwardly normal 24 hours later. From 72 hours after biopsy until the animal was killed 2 weeks later, the PCV rose to 24 and the WBC and SGOT dropped gradually to normal.
A terminal blood sample from calf 3 had a PCV of 8, WBC of 5,300 and SGO'T of >1,500 units while the temperature response was similar to that of Hemoglobinuria and blood stained nasal discharges were observed terminally in calves 2 and 3. These signs were accompanied by seepage of numerous droplets of hemoglobin stained serum through the skin of the legs and ventral body walls. Ewe 6 developed severe clinical signs, and although she did not die she remained severely depressed and off feed until she was killed 7 days after biopsy. As displayed in Fig. 2 the clinical pathologic changes in ewe 6, as well as in ewe 5 which died 72 hours after biopsy, were studied only after the forty-eighth hour. After 75 hours the temperature, PCV, and WBC of ewe 6 remained relatively constant. The SGOT rose to a peak value of 820 units at 84 hours after biopsy and returned to normal by the fifth day.
The responses of ewe 3, which are not included in Fig. 2 , differed from those of the other animals. The maximum body temperature was 104.5 F. and the PCV and SGOT were virtually unaffected. The WBC rose to 34,000 24 hours after biopsy and remained about 18,000 for 72 hours. The body temperature fluctuations of control ewe 2 closely paralleled those of ewe 1. Both control ewes were clinically normal otherwise. In all animals studied, variations in leukocyte counts reflected chiefly the change in numbers of neutrophils. These changes, whether a rise or a fall, were accompanied by a shift to the left. The absolute values of other blood cell types were less markedly affected.
The SGOT values during the hemolytic crises were not accurate since a hemoglobinemia present at those times interfered with the spectrophotometric determinations. However, hemoglobinemia appeared only after SGOT had begun to rise, and the free serum hemoglobin levels did not vary proportionately with the SGOT but remained at relatively constant levels. Thus, the SGOT determinations, while inaccurate, were probably true reflections of marked changes in SGOT levels.
Analysis of urine samples collected during the experiment are summarized in Table 11 . In all samples the reactions for glucose and bilirubin were negative, chloride levels were normal, and those for acetone, indican, and urobilinogen were 
Clinical Reaction of Rabbits
Rabbits became severely depressed and prostrate and died within 9 to 18 hours after biopsy. The rabbits inoculated orally recovered from the surgery with no obvious ill effects and were killed 24 hours later. The uninoculated control rabbit which was similarly unaffected was Idled 3 days after biopsy.
Clinical Findings in Experiment 2
'The clinical course of the disease in orally inoculated animals is outlined in Table 111 . The clinical signs and clinical pathologic responses in animals which developed hemolytic crises were comparable to those of naturally infected
McArthur yearlings and of calves in Experiment 1. 
OLANDER/HUGHES/BIBERSTEIN

Days after inoculation.
All inoculated animals were given 30 ml of a suspension containing 1.3 x lo9 spores/ml orally.
It should be noted that only calves 11 and 13 died after the initial biopsy.
Inoculated calves 12 and 14 and uninoculated calves 16 and 18 were not affected by the biopsy. A second biopsy was performed on these calves 47 days after inoculation. Calf 14 died 53.5 hours later with clinical signs of a hemolytic crises, but calves 12, 16 and 18 again were unaffected. They and calves 15 and 17 remained normal until they were slaughtered. The liver of calf 12 was obtained at slaughter 6 weeks after the second biopsy.
Post Mortem Findings Associated with the Hemolytic Crisis
The gross findings in McArthur steers and experimental calves and sheep which died acutely or peracutely were very similar. The mucous membranes of all external body openings were orange-yellow in color. Blood stained mucus was present in the nostrils. The perineal regions and tails were soiled by dark red, gelatinous feces. The subcutaneous tissues had a similar orange-yellow coloration, and there were many petechiae and ecchymoses scattered through the subcutis and adjacent fascia1 planes and muscle. These hemorrhages were most numerous on the ventral body wall and limbs. In experimental calves 2 and 3, hemorrhages were associated with numerous foci of epidermal seepage of blood as mentioned in the clinical description. The peritoneal cavities contained up to 1 liter of thin, dark red, clear fluid. Small blood clots were associated with the biopsy wounds. Like the subcutis, the peritoneal connective tissue was brightly icteric, and hemorrhages were prominent. Blue-red ecchymoses and petechiae were scattered over the parietal and visceral peritoneum and along mesenteric attachments of the intestines. In addition, the ruminal and abomasal serosa were irregularly mottled by bright red, paint-brush hemorrhages. Wide zones of hemorrhage bordered the course of vessels throughout the greater omentum (Fig. 5 ).
The mucosa of the small intestines had a reddish orange coloration and a few petechiae, but there was no frank blood in the lumen. The cecums and colons contained numerous, narrow, discrete, bright red erosions which contrasted sharply with the pale yellow icterus of the mucosa. The lumens of the large intestines were filled with large quantities of bright red, transparent, gelatinous clots ( Fig. 6 ).
In every case the dorsal pole of the liver was transversed by a biopsy track 1.5 to 2 cm in diameter and 10 to 20 cm long. The tracks began on the visceral surface several cm below the dorsal margin of the liver and extended anteriorly toward the diaphragmatic surface 15 to 20 cm below the dorsal margin. They were filled by reddish-tan, gelatinous clots (Figs. 7 and 8). A large necrotic focus roughly conical in shape with its apex near the biopsy track and its base on the diaphragmatic surface of the liver dorsal to the track, was present in each liver (Figs. 7, 8, 9) . In the 4 M.A. yearlings which died within 48 hours and in experimental ewe 4 and calves 11 and 13 which died 18, 23.5, and 43.5 hours after biopsy respectively, the necrotic foci had slightly bulging capsular surfaces finely stippled with fibrin. These foci were firm and were dark purple in color throughout. In the 2 M.A. yearlings which died on the third day and in experimental calves 2, 14, and 3, and ewe 5 which died at 48, 53.5, 72, and 84 hours after biopsy, the liver lesions were flat on the capsular surface, rubbery in texture, very friable, and pale orange in color, with an irregular blue margin ( Figs. 7 and 8 ). In all livers there were well developed thrombi in large branches of hepatic veins near the apices of the lesions (Fig. 9 ). The capsular surfaces were closely adhered to the diaphragm by heavy mats of fibrin.
Outside the focal lesions the livers were friable, orange-brown and diffusely stippled by depressed, pinpoint centrilobular foci of bright red or tan discoloration suggestive of hypoxic degeneration. In M.A. yearlings the major bile ducts were thickened by fibrous con- The area of the diaphragm in immediate apposition to the liver lesion was mottled by pale orange areas of necrosis with dark blue, hemorrhagic margins which extended into the diaphragmatic muscle.
The spleens were slightly swollen, were turgid and had a deep purple, gelatinous pulp. The splenic capsule was icteric and variably mottled by petechiae, ecchymoses or suffusions. All Iymph nodes were swollen, moist, and mottled by bright red cortical and medullary hemorrhages.
The ltidneys were dark reddish brown and mottled by small numbers of narrow, dark red streaks extending from the capsule into the pyramids. In one M.A. yearling massive hemorrhage obscured the renal pelvic fat. The urinary bladders were filled by thin, murky, dark red urine. Numerous foci of interstitial hemorrhage, up to 1 cm diameter, were scattered through the testes of experimental calves. The adrenals were mottled by dark red, radiating streaks of cortical hemorrhage.
The pleural cavities were filled with large quantities of thin, clear, red fluid. A few petechiae and ecchymoses were scattered over the pleural surfaces, most prominently on the peripheral margins of the lungs. There were varying amounts of pleural and septa1 edema. The edema was bright red and gelatinous. In the M.A. steer which survived the longest the pericardial mediastinum was 5 cm thick as a result of edema. The lungs had an orange discoloration. The respiratory mucosa was petechiated and the passages contained small amounts of thin red foam.
In the 4 M.A. steers which died on the second day and in the 2 experimental calves which died within 72 hours after biopsy, there were moderate numbers of epicardial petechiae along the coronary grooves and ecchymoses of varying extent in the endocardium of the left heart. In the 2 M.A. steers which died on the third day the epicardium was diffusely petechiated, and there were large areas of myocardial and endocardia1 hemorrhage in both ventricles.
The brains and spinal cords of all animals were pale yellow in color but otherwise normal.
In rabbits which died following liver biopsy, ragged biopsy wounds in the liver were surrounded by irregularly conical, pale yellow, friable segments of necrosis. The margins of the lesion were discrete in one rabbit but were not sharply demarcated from adjacent degenerative parenchyma in the other rabbits ( Fig. 10 ). All tissues had an orange discoloration. The spleens were deep purple and distended by blood. The kidneys contained a few dark red radiating streaks suggestive of hemoglobin casts, but the small amounts of urine present were not hemoglobin stained. Urinalysis of one post mortem urine sample revealed a 3 + sugar reaction but no other abnormalities.
Post Mortem Findings in Survivors of the Hemolytic Crisis
Experimental calf 1 and ewe 6 which developed clinical signs but survived the hemolytic crisis were killed 7 days after biopsy. They differed from acutely killed animals most notably in the development of the liver lesion. In both animals the lesion was related to the biopsy track and oriented similarly to those in the acute cases. In calf 1 the lesion consisted of an orange conical segment of liver with a firm, fibrous texture. Scattered through this segment were several 1 to 2 cm foci of necrosis. In ewe 6 a 6 x 6 cm conical segment had a striking lobular pattern resulting from 1 mm thick, gelatinous gray lines which surrounded many 1 to 10 mm diameter, irregular, pale yellow areas of gummatous necrosis. Near the apex of this lesion a 5 mm diameter hepatic vein was completely occluded by a well organized fibrous thrombus. In both the calf and the ewe the inflammatory process extended across firm, organizing fibrinous adhesions into the diaphragm anteriorly and into the caudate lobe of the liver posteriorly. In the calf the caudate lobe had undergone extensive caseous necrosis.
Both animals were icteric and there were peritoneal blood clots associated with the biopsy wounds. Hemorrhages were not present in any of the tissues. The spleens were enlarged and meaty with a relatively dry, brown cut surface. The urines were normal in color, but the kidneys of ewe 6 contained dark red hemoglobin streaks.
In ewe 3, which did not respond in the same fashion following biopsy, the entire dorsal pole of the liver was shrunken by a chronic biliary cirrhosis. This process was associated with many chronic caseous lymphadenitis abscesses in the liver as well as in the lungs and mediastinal lymph nodes. The biopsy track passed through the cirrhosed portion of the liver and was lined by a thick wall of granulation tissue. The lumen of the track was patent and filled with gelatinous bile. The bile flowed freely and had caused an extensive biliary peritonitis.
Of the 10 livers obtained at slaughter, all contained fibrous tracks extending through the dorsal pole from a stellate pit on the visceral surface. These were assumed to be healed biopsy wounds. The 5 ICC. calf livers were otherwise normal. All but one of the 4 M.A. yearling livers had lesions of chronic fluke infestation. In addition to this the liver of the M.A. yearling which had recovered from clinical bacillary hemoglobinuria contained a 6 cm diameter spherical focus of slightly fibrous, bile stained parenchyma. Its deep aspect was adjacent to the biopsy track and the overlying capsule was slightly thickened by fibrous tissue. In the liver of experimental calf 12 which had survived 2 liver biopsies following oral inoculation, the fibrous biopsy tracks were associated with 2 foci of caseous necrosis. Both foci were 2 cm in diameter. One was located on the anterior surface of the liver, the other was deep within the liver.
Post Mortem Findings in Control Animals
The control ewes and rabbit and the 2 rabbits inoculated orally each had liver biopsy wounds in various stages of healing. In the acute angles between liver surfaces and the entrance or exit of biopsy wounds, and in a narrow zone immediately adjacent to the track along its entire length, there were pale yellow foci of degeneration and necrosis. There was little gross evidence of inflammation associated with these lesions.
Histopathologic Changes
The liver lesions in all animals which were clinically affected were essentially large foci of coagulation necrosis. The lesions varied in some histologic details according to the chronicity. In all cases the histologic architecture of the necrotic foci was maintained, although there was little cellular detail remaining. Nuclei of parenchymal cells were generalIy lysed, and cystoplasmic outlines were shrunken but still intact. In the centers of necrotic areas, sinusoids and central veins were filled with fibrin and ghosts of red blood cells. Even in lesions of less than 24 hours' duration, accumulations of degenerating leukocytes could be found in sinusoids draining into central or hepatic veins, some of which were filled by cellular thrombi, or in sinusoids within the necrotic zone forming a linear zone roughly parallel with the margin of the lesion. In such early lesions the margins of the lesions were irregular and not very discrete. The necrotic centers blended rapidly into a zone of degenerating parenchyma in which numerous viable neutrophils occluded the sinusoids. At some sites bands of frankly necrotic tissue extended along central lobular zones past the margin of leukocytic infiltration. These blended into more peripheral zones of centrilobular degeneration, necrosis and hemorrhage in which the reticular network, leukocytes and red blood cells appeared viable (Fig. 11 ). Throughout the rest of the liver there was hypoxic centrilobular degeneration and necrosis and small accumulations of neutrophils and swollen Kupffer cells in the sinusoids.
Where the boundaries of the necrotic lesions crossed vessels, the vessel walls had undergone hyaline necrosis and were infiltrated and surrounded by neutrophils. The lumens were obstructed by cellular thrombi the tails of which extended centripetally from the areas of necrosis ( Figs. 11 and 12 ). The central veins and interlobular hepatic veins were most regularly involved. Zones of coagulation necrosis with inflammatory margins extended from the primary liver lesion through the overlying capsule and peritoneal adhesions into the diaphragmatic muscle (Fig. 13) or the caudate lobe of the liver. Biopsy wounds were filled with clotted blood.
In livers of animals which lived 24 to 72 hours, leukocytes within the centers of necrosis were not clearly visible. Instead there were vaguely outlined linear zones of basophilic nuclear debris which coursed erratically through the lesion. In addition the margins of the lesions were more discrete although still irregular. Peripheral to the border of leulrocytic infiltration and degenerating parenchyma, hemorrhage was no longer striking, but the diffuse hypoxic changes were still present.
In animals which survived the acute clinical illness and were killed 1 to 2 weeks after biopsy, sites of leukocytic infiltration within the necrotic foci were seen as basophilic smudges of nuclear debris. A 11-17.) An interlobular hepatic vein and subsidiary central veins involved by a thrombophlebitis. The vessel is surrounded by hemorrhagic degeneration and cellular infiltration which has extendcd from a nearby focus of necrosis, discrete zone of leukocytes separated the necrotic tissue from a zone of fibroplasia and bile duct proliferation which was advancing into the lesion from adjacent viable portal areas (Fig. 14) . This proliferative reaction extended from the margin of the necrotic lesion peripherally for some distance along portal canals adjacent to normal liver lobules. Thrombi located at the margins of the lesions and blood clots which filled the biopsy tracks were beginning to organize.
Large bacterial rods were seen in necrotic foci in livers of animals which had died without antibiotic therapy within 72 hours after biopsy. Small numbers of bacteria were scattered through the leukocytic infiltrates, but accumulations of bacteria were generally some distance from viable host cells of any type. Discrete clumps of bacteria were disseminated through the necrotic sinusoids in a pattern suggestive of localization in Kupffer cells.
The liver lesions of control animals were small foci of simple infarctive necrosis. Lobules of coagulation necrosis were surrounded by a narrow zone of granulation tissue proliferating from adjacent portal regions (Figs. 15 and 16) . Granulation extended peripherally for short distances into central lobular zones of adjacent liver lobules. There hepatic cells had undergone degeneration, and there was collapse of the reticulum network. Neutrophils were scattered sparsely through the granulation tissue and occasionally in the centers of necrotic foci. Bacterial rods were not present.
In all animals which had clinical signs of the disease there was a severe acute nephrosis. Tubular epithelium was hemoglobin stained and had undergone varying degrees of degeneration and coagulation necrosis. There were hemoglobin stained protein casts in all levels of the renal tubules and in the glomeruli. Associated with peracute deaths there were hemorrhages and edema scattered through renal adventitia, most prominently that of the pelvis.
The spleens of animals which died peracutely were severely congested. Malpighian corpuscles were small and undergoing central degeneration and necrosis. Scattered through the blood filled red pulp were eosinophilic areas of acute necrosis in which many neutrophils Fig. 13 . Toxic, necrotizing myositis which extended into the diaphragm from the adjacent liver lesion. Fig. 14. Granulation adjacent to a necrotic lesion in the liver two weeks after recovery from clinical bacillary hemoglobinuria. The zone of leukocytic infiltration crosses a thrombosed hepatic vein. had accumulated. Hyperplasia, degeneration and necrosis were evident in lymph nodes and solitary lymph follicles throughout the body. The node sinuses contained many red blood cells, histiocytes filled with erythrocytes or hemosiderin, and occasionally fibrinous thrombi. Hemorrhages and edema were common throughout the soft tissues. These were often associated with arteriolar necrosis characterized by hyalinization, hemoglobin staining and separation of the media. Hemorrhages in the gut were focal or diffuse in the mucosa and focal in the submucosa, muscularis, and serosa. Diffuse mucosal hemorrhage was most prominent in the small intestine and colon. Edema associated with meager hemorrhage was common in the stomach mucosa. In the region of endocardial, myocardial, and epicardial hemorrhages acute myocardial necrosis could be found. Myonecrosis also accompanied hemorrhages in skeletal muscle and there was often a prominent neutrophilic infiltration as well. In the lungs, hemorrhage and proteinaceous edema fluid were most prominent in the pleura and interlobular septums. Focal necrosis of alveolar septums resulted in sublobular accumulations of blood and fibrin in alveoli and respiratory passages. In the adrenal cortices there was acute focal hemorrhagic degeneration and necrosis in the zona glomerulosa, and fibrin exudation into the cortical interstitium.
The brains and spinal cords had meager changes suggestive of hypoxia. These consisted of widespread neuronal changes including shrinkage and pyknosis, eosinophilic swelling and fragmentation, loss of processes and eccentric displacement of nuclei. The glial mat had an open appearance; many glial nuclei were pyknotic; and glial cells were more prominent than normal. The vascular adventitia had an open, edematous appearance and occasionally contained fibrin and small numbers of neutrophils.
Associated with peracute deaths there was severe destruction of bone marrow. The marrow space was virtually acellular, containing only a few red blood cells, hemoglobin stained fibrin, and a few macrophages filled with red blood cells or iron pigment. In animals which survived the hemolytic crisis the bone marrow appeared hyperplastic. Fig. 15 . Early granulation at the relatively acellular, hemorrhagic margin of the biopsy tract in an uninoculated control ewe 4 days after biopsy. Fig. 16 . Granulation tissue containing few leukocytes adjacent to necrotic liver parenchyma at the margin of a biopsy tract in a control ewc 7 days after biopsy.
Erythroid cells were equal or greater in numbers than myeloid elements.
Bacteriologic Examinations
Gram stained impression smears demonstrated the presence of organisms in the liver lesions of animals which died within 72 hours following biopsy. The organism was isolated by direct culture on artificial media from the liver lesion of one animal which had died acutely following accidental induction of the disease. A second isolation was made by inoculation of a suspension of liver lesion into a rabbit and subsequent culture of the rabbit's liver on artificial media. The organism was reisolated from the liver lesion of one experimental rabbit. Attempts to isolate the organisms on artificial media from lesions of other animals in Experiment 1 were unsuccessful.
In Experiment 2, using blood agar cultures, the organism was isolated from the liver lesion of calf 13 but not from calves 11, 12, 14, 16, and 18. With soy trypticase broth cultures the organism was isolated and identified in lesions of calves 11, 12, and 13. Growth was evidenced in all tubes in 72 hours microscopically and by production of gas. Good sporulation was evident microscopically within 96 hours in a majority of the cultures. Contamination was more evident in cultures that had not been heated than in those that had. The cultures from calf 11 did not show good evidence of growth until they had been incubated 7 days. Cultures from calves 14, 16, and 18 were heavily contaminated and identification of Clostridia could not be made.
The organisms were gram positive, spore-bearing bacilli 1 x 4 to 5 p in size. The spores were slightly wider than the rods and were located terminally or subterminally. The organisms were usually single, but some short chains of 2 or 3 rods were present.
Biochemical reactions of the organism included fermentation of glucose and fructose and failure to attack maltose, salicin, and glycerol. Indole production was variable, gelatin was not liquefied, and iron milk was acidified.
Discussion
The disease induced by liver biopsy of both naturally and experimentally infected animals corresponds in most respects to the classical description of bacillary hemoglobinuria. Variations from the classical disease such as the presence of the biopsy wounds, the corresponding location of the liver lesion, and, in experimental animals, the absence of fluke infection are self explanatory. Hemorrhages and icterus associated with peracute deaths were more severe than is characteristic of natural cases. Similarly, arteriaI necrosis and the deep red congestion of the necrotic liver lesions of some experimental cases were unusual findings which probably reflected the severity of the toxemia.
The nature and pathogenesis of the experimental liver lesion is more readily interpreted than is possible with natural cases. Of particular note was the production of small foci of ischemic necrosis of the liver by biopsy of control animals. Sublobular areas of necrosis occurred immediately adjacent to the biopsy track throughout its length. In these areas the blood flow in portal and hepatic veins was disrupted and vasoconstriction of hepatic arterioles following traumatic hemorrhage would have eliminated this source of blood supply. Large foci of necrosis occurred near the capsular surface where the acute angle of penetration by the biopsy trochar had virtually isolated the parenchyma from any source of circulation. The occurrence of necrosis under these conditions is compatible with the concept of a well developed collateral circulation and the rarity of simple infarcts in the liver. Although not observed in control animals, in which the biopsy wounds penetrated the entire breadth of the liver, it seems likely that fragments of parenchyma might be isolated from their blood supply at the end of a biopsy track even when it is deep within the liver. A deep focus of necrosis was observed in calf 12 which had been inoculated orally and remained normal following two liver biopsies.
Foci of ischemic necrosis could provide a site for vegetation of clostridial spores that might be present within them. Proliferation of the organism within the focus of ischemic necrosis and the associated production of exotoxins could then result in necrosis of immediately adjacent liver parenchyma. A zone of toxic necrosis might itself provide a proper milieu for the vegetation of additional spores contained within its expanding borders. The presence of widely disseminated, discrete clumps of bacteria deep in necrotic lesions where hematogenous spread was unlikely suggested proliferation at sites of previous localization of spores in Kupffer cells. In effect, the lesion would be self-propagating but limited by such factors as the density of the spore population and the immune response and survival time of the host. In any case, the liver lesion is largely a focus of toxic rather than ischemic necrosis. This is evident from the manner in which the necrotizing process crossed normal anatomical borders, for example, across peritoneal surfaces from one liver lobe to another or into the diaphragm. In peracute cases produced by biopsy many sites of clostridial vegetation are created concurrently along the full length of the track. In natural cases proliferation of the organism would more likely begin at one site and expand from there. This may explain why biopsyinduced lesions caused more acute and overwhelming toxemias and correspondingly more acute and severe lesions than are usual in natural cases.
The thromboses occurring in many central veins and small hepatic veins draining the margins and in larger hepatic veins near the apex of the lesions appeared to be due to a toxic endophlebitis. The prominence of thrombi in hepatic rather than portal veins contradicts the previous descriptions of the diseasel3. However, examination of specimens from a recent natural outbreak in northeastern California revealed lesions compatible with the experimental ones. That is, grossly apparent thrombi were present in large hepatic veins rather than portal veins, and the microscopic thrombophlebitis was predominantly in central veins and sublobular hepatic veins. In all cases, inflammatory thrombosis of a few portal veins and hepatic arteries was present and, although secondary, probably contributed to the progressive development of the necrotic focus. It appears that thrombophlebitis results from toxic damage to vessel walls in sites of high concentration of the toxin. The location of the thrombi at the periphery and the conical shape of the necrotic focus reflect the pattern of blood flow away from rather than toward the lesion. Again, it is more compatible with the concept of a highly developed collateral circulation in the liver that the thrombi are secondary to inflammatory change in the lesion than that portal vein thrombosis had resulted in a large focus of ischemic necrosis.
The failure to produce a liver lesion in ewe 3 was very likely related to the presence of biliary cirrhosis at the biopsy site. It is conceivable that the fibrosis reduced the efficacy of that portion of the liver for entrapping clostridial spores. This would have reduced the possibility that spores might be present within the ischemic focus produced by biopsy. However, since no focus of ischemic necrosis was found in the ewe, it is more likely that the well developed arterial blood supply of the fibrotic liver prevented the development of an initiating focus of ischemic necrosis.
Oral inoculation appears to produce less certain, and probably less extensive and uniform, dissemination of spores throughout the liver than does intravenous inoculation. Failure to produce clinical disease in calves 12 and 14 following the first biopsy and success in calf 14 but not calf 12 following the second biopsy suggests that spores were present only in small numbers or were not distributed evenly throughout the liver, and a fortuitous proper selection of the biopsy site was necessary to precipitate the disease. An alternate explanation might be that the biopsy failed to produce an ischemic site in which the organism could proliferate. The finding of two small necrotic foci in calf 12 discredits that hypothesis.
The number of animals involved in the experiment was too small to allow speculation on the role of host resistance in the varied response. Similarly, the oral inoculation of rabbits involved only 2 rabbits, a relatively small inoculum, and a relatively early termination of the test period. This portion of the rabbit experiment must be considered an inadequate test, but the 2 rabbits did serve to demonstrate how innocuous the biopsy procedure could be.
The diffuse centrilobular necrosis observed in the rest of the liver was apparently of anemic hypoxic origin. Hemorrhages and edema throughout the body and degenerative changes in the lymph nodes and spleen probably resulted from septicemic as well as hypoxic damage to blood vessels some of which were morphologically altered. The kidney changes associated with acute deaths were those of a hemoglobinuric nephrosis and were likely the result of terminal vascular collapse.
Isolation of CI. hemo~ticzim from ewes and calves in Experiment 1 was not accomplished despite the presence of organisms in tissue sections and impression smears. This was probably a reflection of the fastidious nature of the organism, since with a change in the culture technique it was recovered from several calves in Experiment 2.
The clinical pathologic observations were those expected in a disease characterized by acute toxemia and hemolytic anemia. The leukocyte response was either a leuliopenia associated with overwhelming toxemia or a leukocytosis in recovery. There were corresponding histologic changes in the bone marrow. The SGOT reflected the development of the necrotic liver lesion prior to the onset of the hemolytic crisis. It should be noted that biopsy did not produce a recognizable rise in SGOT levels in control sheep. The changes in electrophoretic patterns of serum protein included high peaks at the usual site of globulin migration, which was probably due to free hemoglobin in the serum. The albumin level appeared reduced. This probably reflects a loss of albumin in the nephrotic kidneys. In ewe 5 and calf 2, increasing urinary protein, blood and hemoglobin reflected the progressive development of the hemolytic crisis and nephrosis. The urinary changes in ewe 6 correlate with her clinical recovery.
The induction of the disease in the naturally infected steers from an area in which bacillary hemoglobinuria was enaootic points out several facts about it. While it is not proven, it is likely that these animals were infected during the first 6 months of life and had minimal exposure for the 9 months prior to induction of the disease. The same likelihood applies to the chronic fluke infections which were present. This demonstrates that the age of occurrence of the disease and the incubation period are not related to the time of initial infection by either of these agents. The experimental disease provides further proof that the fluke is not a necessary part of the disease. Furthermore, the ease of experimental reproduction of the disease in young calves suggests that the low incidence of the natural disease in young animals is not a reflection of true age resistance to the disease.
It is conceivable that varying types of hepatic lesions might serve as a focus in which clostridial spores might vegetate and thus precipitate sporadic disease. Instances have been described in which the liver lesion was associated with migrating foreign bodies, telangiectasis, and tuberculomaslo. 12, 16, 18. A more complex mechanism must be invoked to explain seasonal incidence, age incidence, and the occurrence of epiaootics. A precipitating agent with a biological cycle, such as the fluke, is an obvious explanation for the seasonal occurrence. However, there are other seasonal variables which are as likely, such as the diet with its relationship to both nutritional and infectious liver lesions. In such cases a number of animals could be affected in a relatively short time and result in an epiaootic. Age incidence is most likely a reflection of the time required to produce an adequate population of spores in the liver under natural conditions. However, a necessity for re-exposure to a precipitating agent, especially one with a seasonal occurrence, would also reduce the incidence of the disease in very young animals. Furthermore, damage to the liver following re-exposure to such an agent might, as a result of immune reaction, be greater than that following initial exposure, and enhance the possibility of inducing the liver lesion. Regardless of the mechanism involved, the chance bringing together of the spores and the proper conditions in which they might vegetate determines the incidence of the disease in a given age group, season, area or herd.
Summar_y
An outbreak of bacillary hemoglobinuria was precipitated by liver biopsy of calves from an area in which the disease was enzootic. Using the strain of Clostridium hemobticum recovered from this outbreak, calves, ewes, and rabbits were inoculated intravenously or orally with a toxin-free spore suspension. Subsequent liver biopsy precipitated the disease in these animals. The characteristic focus of liver necrosis was regularly reproduced and appeared to be of toxic rather than ischemic origin.
Z~sammenfasszlng
Ein Ausbruch von bazillarer Hamoglobulinurie wurde durch Leberbiopsie bei Kalbern festgestellt, die aus einem fur diese Krankheit enzootischen Gebiet kamen. Mit dem isolierten CLostridium hemolytic~m Stamm wurden Kalber, Mutterschafe und Kaninchen intravenos oder peroral mit einer toxinfreien Sporensuspension infiziert und die Kranltheit durch anschliessende Leberbiopsie nachgewiesen. In jedem Falle gelang es, den charakteristischen Lebernekroseherd zu reproduzieren, der mehr toxischen als ischamischen Ursprunges zu sein schien.
